The c u r r e n t waste management program a t ARHCO c a l l s f o r . t h e i s o l at i o n , packaging, and storage o f cesi urn and s t r o n t i um waste as i n d i v i d u a l compounds i n small h i gh i n t e g r i t y containers . Cesium c h l o r i de and s t r o n t i u m f l u o r i d e were s e l e c t e d f o r encapsulation.
The flowsheet f o r i s o l a t i o n o f t h e s t r o n t i u m from Purex h i g h l e v e l waste w i l l u t i l i z e s o l v e n t e x t r a c t i o n and s u l f a t e p r e c i p i t a t i on. Conversion o f t h e i s 0 1 at e d s t r o n t i um t o t h e f l u o r i d e i s t o be accomplished b y a m o d i f i e d v e r s i o n o f t h e M a r t i n process, ( 2 a 3 ) which had been developed a t t h e Quehanna f a c i l i t y o f the M a r t i n Company t o prepare ' O S~F~ f o r use i n SNAP devi ces + This r e p o r t summarizes the r e s u l t s o f a s e r i e s o f l a b o r a t o r y s t u d i e s t o check o u t t h e various steps i n t h e M a r t i n process u s i n g both simul a t e d and r a d i o a c t i ve feed materi a1
s . ' The r e s u l t s o f an engi neer-. i n g s c a l e study o f the process a r e presented i n a separate r e p o r t o ( 4 ) I t was demonstrated, u s i n g the simulated S r feed, t h a t SrF2 o f acceptable q u a l i t y c o u l d be prepared by t h e proposed flowsheet, Strontium losses i n t h e process were acceptably l o w *
Tests o f t h e flowsheet w i t h a nonrepresentati ve r a d i o a c t i v e s t r o n t i u m feed gave a s a t i s f a c t o r y product, b u t the s t r o n t i u m losses were h i g h i n the feed p u r i f i c a t i o n step. When a r e p r e s e n t a t i v e 9 0~r feed i s a v a i l a b l e , a d d i t i o n a l t e s t s w i 11 be needed t o show t h a t the s t r o n t i u m losses can be reduced t o an acceptable l e v e l ,
. ME MARTIN PROCESS FOR PREPARING SrF2
The M a r t i n process f o r preparing s t r o n t i u m f l u o r i d e i s a chemically simple process i n v o l v i n g p r e c i p i t a t i o n o f the f l u o r i d e from a n i t r a t e medium w i t h a metal f l u o r i d e , However, .-carrying o u t each s t e p o f the process r e q u i res c a r e f u l o p e r a t i o n a l c o n t r o l i n order t o m a i n t a i n h i g h s t r o n t i u m y i e l d s and adequate product q u a l i t y .
The flowsheet developed by M a r t i n i s shown i n Figure 9 , ( 2 ) S t r o n t i um-90 was r e c e i v e d a t .Quehanna as the s o l i d .carbonate from the Hanford f a c j 1 i ty . The carbonate was corrvertecl t o t h e n i t r a t e by add1 -t j o n of n i t r i c acid, The n i t r a t e s o l u t i o n was then n e u t r a l i z e d t o pH 7 w i t h sodium hydroxide and s o l i d sodium f l u o r i d e added. The r e s u l t i n g s l u r r y was d i g e s t e d f o r one hour, f i l t e r e d , and t h e cake was washed w i t h d i s t i l l e d water. The washed f i l t e r cake, a f t e r drying, was f i r e d a t \ 1 100°C t o remove any r e s i d u a l moisture. F l u o r i d e prepared i n t h i s way contained g r e a t e r than 96% s t r o n t i u m plus f l u o r i n e , and was s u i t a b l e , a f t e r b a l l m i l l i n g , f o r f u r t h e r processing t o t h e r e q u i r e d h e a t source shape, Considerable development e f f o r t was expended i n o p t i m i z i n g each step o f the process. Each o f t h e f i v e operations i s discussed i n d e t a i l i n t h e Pol lowing s e c t i ons , 
When the flowsheet development studies were i n i t i a t e d , i t was a n t i c i p a t e d t h a t the s t r o n t i um feed s o l u t i o n from the s o l v e n t e x t r a c t i o n process(5) would have a nominal composition o f :
Moles Cation/ Mole S r 1 1 ,0.02 0,02 , 0 -3 0.1 S t r o n t i um ,fl u o r i de prepared from feed o f .the above composi ti on, by t h e M a r t i n fl,owsheet, would c o n t a i n s u b s t a n t i a1 amounts o f i m p u r lt i e s . I t was decided, the.re.fore, t h a t t h e flowsheet should i n c l u d e a feed p u r i f i c a t i o n .step. The process s e l e c t e d f o r feed p u r i f i c a t i o n was t h e c a u s t i c n e u t r a l i z a t i o n procedure developed by ray(^) f o r r emov9 ng rndyiies i urn from s t r o n ti um; 1.lt.i 1 i z i ng t h i s process, the s t r o n ti um The p u r i f i c a t i o n process was evaluated using a simulated p l a n t
feed s o l u t i o n i s t r e a t e d w i t h sodium hydroxide s o l u t i o n . t o pH 10 and then c e n t r i f u g e d t o remove t h e p r e c i p i t a t e d . s o l i d s . The strontiumc o n t a i n i n g s o l u t i o n i s c o l l e c t e d f o r f u r t h e r processing, The s o l i d s are repulped w i t h water t o remove any occluded s t r o n t i u m and r e c e n t r ifuged, The wash s o l u t i o n i s combined w i t h t h e o r i g i n a l supernate

feed of t h e composi t i o n l i s t e d above, The amount o f s t r o n t i u m l o s t i n t h e p u r i f i c a t i o n o p e r a t i n n depends on the e f f e c t i v e n e s s of' t h e wash cycle, When the feed i s taken t o pH 10 w i t h sodium hydroxide a t 25'C, approximately 9-10% o f -t h e s t r o n t i u m i s c a r r i e d down w i t h the p r e c i p i t a t e d s o l i d s , Up t o 95% o f t h i s " l o s s " can be recovered
i n the wash cycle, w i t h the amount o f s t r o n t i um recovered .depend4 ny l a r g e l y on the volume o f wash water used. Figure 3 shows the s trontt'um l o s t l'n the discarded s o l i d s as a f u n c t i o n o f . t h e volume o f wash water used, By u s i n g a l a r g e volume o f wash water t h e s t r o n t i u m l o s s can be reduced t o approximately 0,5% o f the s t r o n t i um i n t h c feed soluti.on. I n an a c t u a l p l a n t o p e r a t i o n , e f f e c t i v e washing o f t h e c e n t r i - 
h e s t r o n t i u m l o s t w i t h t h e f i r s t p r e c i p i t a t e i n an e f f e c t i v e manner. Tests u s i n g the s i m u l a t e d s t r o n t i u m f e e d show t h a t s t r o n t i u m losses can be reduced t o < 1% u s i n g t h i s procedure. The s o l i d s d i s s o l v e d v
. 2 Fl uori de Preci pi t a t i on and Fi 1 t r a t i on
In the proposed flowsheet the strontium i s preci pi tated from the gave a r e l a t i v e l y coarse granular product which was easy t o f i l t e r . Figure 4 shows a series o f f i l t r a t i o n curves f o r SrF2 s l u r r i e s prepared under i denti c a l condi t i o n s using d i f f e r e n t p r e c i p i tants. I n c a r r y i n g o u t the t e s t s , 500 ml o f SrF2 s l u r r y were f i l t e r e d through 
Data f o r SrF2,prepared using dissolved KF and HF are n o t shown because the p r e c i p i t a t e was so f i n e i t could . n o t be f i l t e r e d w i t h the system used, The r a t e o f f i l t r a t i o n o f the SrF2 s l u r r y i s a l s o dependent on
the f i 1 t r a t i o n temperature. Figure 5 shows the e f f e c t o f temperature on the f i l t r a t i o n o f SrF2 prepared using s o l i d sodium f l u o r i d e . As one would expect, the r a t e increased w i t h . increased f i 1 t r a t i on temperature,
The strontium content o f the f i l t r a t e depended p r i m a r i l y on the d i g e s t i o n temperature and time; the higher the temperature and the longer the time, the lower the s t r o n t i u m concentration i n the f i 1 t r a t e , To obtain a minimum strontium loss a s l i g h t excess o f NaF was required, A 10% excess appeared optimum. Amounts i n excess o f 10% f a i l e d t o lower the S r content o f the f i l t r a t e . If the excess was l e s s than 5%, the s t r o n t i um loss increased r a p i d l y . These r e s u l t s confirm those r eported by the Martin Company.
To reduce the strontium losses t o a minimum the d i g e s t i o n F I L T E R M E D I A -# 4 2 WHATMAN P A P E R T E M P E R A T U R E -2 5°C
VACUUM -2 0 " Hg crease the s t r o n t i u m loss . s i g n i , f i c a n t l y , a f i 1 t r a t i o n temperature o f a t l e a s t 60°C i s al.so .recommended. Under these conditions, the strontium l o s s , t o the f i l t r a t e should n o t e x c e e d 0,05%, and may.be s!rhsta.?t.i.a1,ly less i n a p l a n t gperation.
P R E C I P I T A N T S U S E
The s t r o n t i um f l uori.de, a f t e r fi..l t r a t i on, w i 11 contain subs t a n t i a 1. I n order t o insure complete water removal from the SrF2 a temperature o f a t l e a s t 1000°C i s recommended f o r p l a n t operation, I f the furnace temperature i s maintained a t 1000°C, i n t e r n a l heating o f 
-the brF2 wlll r a i s e the L r~~~p e r a t u r e o f a t l e a s t a p a r t o f t h e . f l u o r i d e
,) This means -t h a t t h e temperature o f the f l u o r i d e i n t h e furnace
shou'ld' be mai n t a j ned. between 1000 and 1 100°C. This r e q u i r e s . t h a t shallow l a y e r s o f ' O S~F~ be f i r e d t o prevent excessive temperatures due t o i n t e r n a l heating, A t 1000°C the f l u o r i d e product i s a t l e a s t p a r t i a l l y molten, D i f f e r e n t i a l thermal a n a l y s i s of S r F * , prepared from simulated feed, i n d i c a t e s t h a t n l r l t i n g s t a r t s a.t about 8 3 0 . 0~. The e x a c t me1 ti ng c h a r a c t e r i s t i c s o f t h e S r F i wi 11 depend on i t s i m p u r i t y content, A1 -thgugh pure S r F i melts a t about 1400°C, t h e i m p u r i t i e s p r e s e n t i n t h e product . f l u o r i d e r e s u l t . i n .the f o r m a t i o n o f . a low me1 t i n g e u t e c t i c which forms a.liquid phase. as low as 820-830°C. As the f l u o r i d e i s heated above 830°C, me1 t i n g . continues u n t i 1 a t about 1360'C a1 1 the m a t e r i a l i s molten (see Figure 7 ) .
I n the f i r i n g operation the s t r o n t i u m f l u o r i d e product r e a c t s w i t h most . c o n t a i n e r materi.al s . Only h i gh p u r i t y fused a1 umi na has been
b . , as well as resistant to oxidation. Other ceramics tested, such as magnesia, zirconia and quartz, were a l l attacked by the fluoride.
Meta1.s such as. staimless steel. and Inconel, while only sl i ghtl'y attacked by the SrF2, were n o t s u f f i c i e n t l y oxidation r e s i s t a n t t o be used in the. firing operation. ' Platinum was a possible .crucible material, b u t was ruled o u t because of the cost involved. Even platinum showed some attack by the fluoride and would have to be discarded a f t e r a few process i ng cycles .
Fused a1 umi.na proved to be the only sa.ti sfactory. container -material for firing the fluoride in an a i r atmosphere. I t i s slowly attacked by the fluoride, -b u t each container .can be used for several cycles before being replaced. Figure 8 shows an alumina crucible a f t e r several heating cycles. The attack by the. fluoride .is readily apparent, In the laboratory tests the fluoride was fired in small impervious alumina crucibles, The crucib1,es used were quite resistant to thermal shock and could be rapidly heated to 11 UO°C and then rap1 dly cooled wi thout cracking. Even a f t e r several firings cracking was. not a problem.
However, attack of .the crucible by the fluoride, upon repeated firings, reduced the mechanical strength of the crucibles and they became quite fragi 1 e.
If the strontium fluoride i s fired in an i n e r t atmosphere a number of metals could be used to contain the fluoride, Various metals were heated to 1 100°C, in contact with SrF2, under an argon atmosphere,
The tests lasted for 24 hours. After cooling, the metal samples were Table 111 . A product containing 96+% SrF2 was produced routinely with N a and Ca being the major impurities. P l a n t Feed
The f e e d was concentrated b y evaporation t o 0.25M S r p r i o r t o use.
. .
I t was found t h a t e x c e l l e n t decontamination was obtained i n t h e .be repeated t o make .sure t h a t , the strontium losses can be reduced t o an acceptable l e v e l , w h i l e maintaining the necessary product p u r i t y .
The o t h e r , steps i n the flowsheet ( f l u o r i d e p r e c i p i t a t i o n , f i l t r a t i o n , c a 1 c i n a t i o n ) w e r e c a r r i e d out w i t h o u t d i f f i c u l t y . I t was decided, however, t o use a 25% excess o f NaF t o ensure adequate p r e c i p i t a t i o n o f the S r F 2 The l a r g e excess o f N~F was used. because o f .the r e l a t i v e u n c e r t a i n t y o f c a t i o n concentrations i n the radioactive, feed compared t o the s y n t h e t i c feed.
CONCLUSIONS I t was demonstrated t h a t the proposed flowsheet can produce
SrF2 o f acceptable q u a l i t y using a simulated feed o f the same compos i ti on as the a n t i c i p a t e d packaging p l a n t feed. By c a r e f u l c o n t r o l o f operating conditions, strontium losses i n the process can be r e - 
